objective The aim of this study was to evaluate the association between childhood disability and malnutrition in low-and middle-income countries (LMICs).
Introduction
Malnutrition is a critical issue on the global health agenda, with an estimated 45% of deaths under five being attributed to undernutrition [1] . There are approximately 165 million stunted children, and 52 million wasted children worldwide, with the highest percentages living in Asia or Sub-Saharan Africa (SSA) [1] . Many children living in low-and middle-income countries (LMIC) are now facing the dual burden of both underand overnutrition [2] , with the prevalence of childhood overweight and obesity rise in these countries while undernutrition remains common.
Like malnutrition, disability affects many people globally, and disproportionately affects those living in LMIC. One billion people, including 95 million children, are estimated to have a disability [3] , and 80% of all persons with disabilities live in LMICs [3] . Childhood disability may result from nutrient deficiencies (e.g. iodine deficiency), but also from congenital disorders, infections, trauma or other causes, which can result in a broad range of impairments (e.g. physical, visual, hearing, intellectual). Children with disabilities often face exclusion from school and other aspects of social life, reduced access to healthcare services, and are at higher risk of poor health and poverty [4, 5] . Malnutrition and disability also share a strong foundation in human rights, as the right to have access to food, including for people with disabilities, is stated in several internationally ratified documents [6] [7] [8] .
Many factors associated with disability are also linked to malnutrition, including poverty [9] [10] [11] [12] and ill health [5] . There is increasing evidence that childhood disability and malnutrition are directly related [13] [14] [15] though various pathways including feeding problems in children with disability, neglect and exclusion of these children from school (and thus school-based feeding programmes). Groce et al. [13] describes a framework showing that malnutrition may occur when there is increased need of nutrients, increased nutrient loss, and decreased nutrient intake. Reasons for a decreased nutrient intake may be due to certain physical impairments such as cleft palate or cerebral palsy (CP) that affect eating or swallowing [15] , resulting in prolonged feeding times, and caregivers may be unable to spend sufficient time feeding the child. Some conditions may make children with disabilities prone to nutrient loss, for example, children with CP may be more likely to have vomiting episodes, and some of these children may have more frequent episodes of illness and thus have higher nutritional requirements [15] . Malnutrition may also lead to disability, for example, malnutrition may increase the risk of acquiring potentially disabling illnesses such as meningitis or rickets. The link between disability and malnutrition is likely to be strongest, therefore, where public health systems are weakest. Despite these similarities and potential linkages, to date there has been limited research and specific programming in this area.
Context is likely to affect the relationship between childhood disability and malnutrition. Research from high-income countries has shown that children with disabilities are generally at higher risk of obesity [16] [17] [18] , particularly children with intellectual disabilities. However, children with disabilities living in LMICs may be more vulnerable to malnutrition [19, 20] , due to failure of public health systems, as the underlying risk of malnutrition is higher in these contexts, and there are fewer services available to provide nutritional support for children with feeding difficulties (e.g. percutaneous endoscopic gastrostomy feeding). Furthermore, qualitative studies have suggested that children with disabilities in LMICs are at a high risk of hunger associated with poverty, particularly as these children may require a large burden of care limiting household productivity. Carers who are required to go to work may not have enough time for adequate care for these children, and their skills in feeding the children may be low [20] [21] [22] [23] [24] . Gottlieb et al.'s [25] ecological study showed that children who were underweight were more likely to screen positive on UNICEF's '10 question screen' for disability than children who were not underweight, and that children who were stunted were more likely to screen positive than children who were not. However, other studies have not supported this finding [26] .
These inconsistencies illustrate the need for a systematic review to synthesise the findings of the relationship between childhood disability and malnutrition in LMIC, which has not been previously undertaken. Considering that the majority of the burden of malnutrition and disability is in these countries, this represents an important gap in the literature.
Methods
The objective of this systematic review was to evaluate the association between childhood disability and malnutrition (both under and overnutrition) in LMIC. Primarily, the exposure will be considered childhood disability, and the outcome malnutrition. However, we also identified studies that show reverse directionality: that childhood malnutrition leads to disability, to explore the complexity of this association. The review also considers whether the association between disability and malnutrition changes depending on the type of disability and contextual factors. PRISMA [27] guidelines were followed throughout the systematic review process.
Data sources
PICOST was used to formulate the research question: Do children with disability in LMIC have a higher likelihood of malnutrition than children without disability, using data from observational quantitative studies [28] ? Nine electronic databases were searched in August 2017, including EMBASE, MEDLINE, Global Health, Web of Science, Academic Search Complete, FRANCIS, ERIC, Social Policy & Practice and EconLit. Comprehensive search terms for key concepts including disability, LMIC, "child", and "malnutrition" were informed by previous systematic reviews on similar topics [29] [30] [31] [32] , and appropriate MESH and EMTREE terms relating to these topics were selected. For the full MEDLINE search strategy, see Appendix 1. Filters were applied to limit results to English-language texts, and date of publication being between 1990 and August 2017, as there have been large decreases in undernutrition [33] and increases in the prevalence of obesity internationally since the 1990s, in addition to improved international commitments to the rights and health of disabled persons. References of relevant review articles were also checked to identify additional potentially eligible studies.
Inclusion criteria
Papers were included if they were undertaken in an LMIC as classified by the World Bank. Studies were required to include a measure of disability. This could include assessment of impairment, self-reported disability or functional limitations, or the presence of a long-term condition that was likely to be disabling (e.g. club foot), as measured through standardised tools or clinical assessment or self-report. Studies also had to include at least one measure of malnutrition status as per World Health Organization (WHO) definition, including: stunting, underweight, wasting, overweight and obesity. Marasmus and kwashiorkor; forms of protein-energy malnutrition were also included [34] . Studies that presented continuous values for measures of disability or nutritional status were excluded.
Studies were included where participants were children or young people with disabilities, which was defined as the mean age of participants (if available) being younger than 18 years. All included studies had an epidemiological design that included a comparison group (i.e. children without disabilities).
Studies were excluded where the primary outcomes related to micronutrient deficiencies such as vitamin A and iodine, as there are already well-established interactions between micronutrient deficiency and disability [35, 36] . In addition, studies conducted on institutionalised or hospitalised children were excluded, because of concerns regarding generalisability.
Study selection
Articles were screened independently by two reviewers (MHN and HK) first by title, then by abstract. Finally, the full-text of articles was screened to determine eligibility. At each stage of screening, differences between the reviewers were discussed, and a consensus for eligibility and inclusion was reached on all papers.
Data extraction
Data extraction from the final selection of articles was performed by MHN using an extraction table, and all data items were checked by HK. The prevalence of malnutrition in children with and without disabilities, and effect estimates, were extracted as the primary measure of the association between childhood disability and malnutrition.
Study outcomes were classified as showing a positive, null, negative or mixed, association between childhood disability and undernutrition. Studies were classified as showing a 'positive' association if all undernutrition outcomes measured were more common in children with disabilities, and when all undernutrition outcomes measured were less common in children with disabilities, studies were considered 'negative'. For classifications of 'positive' or 'negative' association, study results were required to show statistical significance, preferentially based on results adjusted for confounders (for studies that employed multivariate analysis). When these data were not available (if studies presented only univariate analysis), this classification was based on crude effect estimates, if necessary, calculated by the authors. An association was categorised as 'null' if none of an individual study's effect estimates for undernutrition outcomes were statistically significant, and classified as 'mixed' if it showed both negative and positive associations for different undernutrition outcomes. Studies were also classified as 'mixed' if they reported some effect estimates that were statistically significant, and some that were not. The proportion of studies showing positive, negative, null or mixed associations was disaggregated by study characteristics (type of disability, region, setting, quality rating). For studies that reported on overnutrition outcomes, the same method was used to categorise their reported associations between childhood disability and overnutrition. Studies were classified as having a positive association when they showed children with disabilities were at increased risk of overweight or obesity, and as having a negative association, when outcomes of overweight or obesity were less common in children with disabilities.
Quality assessment
The full text of all eligible studies were assessed against quality criteria adapted from Lund et al. [37] , (Table 1) . Based on these criteria, overall quality ratings were assigned to each individual study. A study was judged to have a low risk of bias (++) if it fulfilled all or almost all of the relevant criteria, and those criteria that were not fulfilled were thought unlikely to alter the conclusions of the study. A study had a medium risk of bias (+) if it fulfilled some of the relevant criteria, and those criteria not fulfilled were thought unlikely to alter its conclusions. A study was considered to have a high risk of bias (À) if it met few or no criteria, and its conclusions were thought likely or very likely to alter with the inclusion of these criteria [37] .
Meta-analysis
Odds Ratios (OR) with 95% Confidence Intervals (CI) were calculated by extracting raw frequencies of malnutrition in children with disabilities and in children without disabilities. A pooled OR with 95% CIs was calculated for the prevalence of malnutrition (e.g. stunting, underweight, and wasting) in children with disabilities compared to controls with a fixed effects model for subgroups of data that were believed to be comparable (same category of disability and same measure of malnutrition). All calculations were performed using STATA 15.0 (StataCorp LLC, Lakeway Drive College Station, TX, USA). This software package was also used to generate forest plots that showed the ORs and 95% CIs for each individual study, in addition to the overall pooled OR with CIs. Heterogeneity of the pooled studies was explored using the I 2 statistic, in addition to visual confirmation from forest plot.
Results
The search generated 4678 papers ( Figure 1 ). After 1567 duplicates were removed, the remaining number was screened (3111). We excluded 2535 papers during title screening, and then an additional 475 during abstract screening. This led to 101 full-text articles being assessed for eligibility. We could not locate the full texts, and 81 texts were excluded, most commonly because they used inappropriate measures of disability and/or malnutrition, as per the inclusion and exclusion criteria (n = 64). In total, 17 articles were deemed eligible and included in the final sample for review.
The descriptive characteristics of included studies are shown in Table 2 . Studies in the final sample for analysis were categorised by type of disability.
'Neurodevelopmental' disability was the largest category, containing nine studies (53%) [38] [39] [40] [41] [42] [43] [44] [45] . There were five studies that considered multiple disability diagnoses, but that reported data overall for children with disabilities as a group, so were included in a 'general disability' (29%) category. There were three studies in the 'hearing' disability/impairment category (18%). Predominantly studies were from the South Asia region (n = 10, 59%), and set in urban contexts (47%). There were seven case-control studies, one cohort study (with 16 years follow-up), and nine cross-sectional studies. These studies involved a wide variety of age ranges, from 0 to 0.25 years [46] , compared to 5-19 years [47] . Most studies included more boys than girls, and in Liu (2016)'s study only 8% of cases and controls were female. Table 3 shows the prevalence of malnutrition in relation to childhood disability, including measures of effect, for included studies. This table shows there were a wide range of measures of disability and malnutrition used. Three studies (18%) were considered to have a low risk of bias (++), nine studies (53%) had a medium risk of bias (+), and five studies (29%) had a high risk of bias (À) (see Table 4 ). There was only one cohort study, for which only the abstract was available [48] . Few papers had a response rate that was reported and acceptable (41%), and took potential confounders into account in analysis (41%). Only 59% of papers presented confidence intervals. Table 4 presents a summary of study characteristics and their results for the association of undernutrition with disability. Overall, approximately half (53%) of studies showed a positive association between Full-text articles excluded, with reasons (n = 81) No control group (n = 4) Did not report on association between disability and malnutrition (n = 6) Not appropriate study type (n = 4) High income country (n = 3) Used inappropriate measure of disability and/or malnutrition as per inclusion/exclusion criteria (n = 64)
Full-text not found (n = 3) *When full-text not able to be found, abstracts with sufficient information for analysis were included in final sample (Emmett, 2015) Records screened by title (n = 3111)
Records screened by abstract (n = 576)
Full-text articles assessed for eligibility (n = 101) undernutrition and childhood disability. Twenty-nine per cent of studies showed no association (categorised as a 'null' association), and 18% of studies showed a mixed association. No studies showed an inverse association between undernutrition and disability. When this association was disaggregated by disability/impairment type, 44% of studies showed a positive association between neurodevelopmental disability and undernutrition, 33% showed no association, and 22% had a mixed association. Three studies (60%) in the general disability category showed a positive association between disability and undernutrition outcomes, one study (20%) had null results [26] , and one study (20%) had mixed results. A total of 67% of studies showed a positive association between hearing impairment in children and undernutrition, and 33% showed no association. 80% of studies from South Asia showed a positive association, versus 50% of studies from SSA. Studies from rural settings reported similar frequencies of positive association with those from urban settings (67% compared to 63%).
When examined by quality, 67% of studies with a low risk of bias showed a positive association between undernutrition with disability. However, 60% of studies with a high risk of bias also showed a positive association. Of the final sample of studies for analysis, only four reported outcomes for overweight/obesity. One of these studies (25%) showed no association between childhood disability and obesity. One study (25%), Kummer et al. [49] , showed a positive association between neurodevelopmental disability and obesity, reporting that children with ADHD were nearly 10 times more likely (9.6, 1.1-85.7), and children with ASD were 12 times more likely to be overweight or obese (12.3, 1.6-97.4). Two of these studies showed mixed results for the association between childhood disability and obesity (50%).
Meta-analysis
Pooled estimates were calculated using raw data on prevalence of malnutrition in controls. The frequency of malnutrition in the total number of children with disabilities from each study was used for this analysis. Studies in the 'general disability' category were used in the metaanalysis because all of these studies were considered to have a low or medium risk of bias, and reported on the prevalence of at least one of the malnutrition outcomes of stunting, underweight, or wasting.
Four studies in the 'general disability' category that reported the prevalence of underweight in children with disabilities were included in the meta-analysis for the association between disability and being underweight (Figure 2 ). The pooled OR showed that children with ‡Disability diagnoses only shown that had P-values that were significant/borderline. Non-disabled children were used as the reference. §Abstract only available. ¶These adjusted OR were for children with wasting/stunting having ECDI in the normal range. These results were interpreted by Duc as "children with stunting were 0.71-fold. . .less likely to have ECDI in the normal range". † †Durkin (1998) and Durkin (2000) did not report any details on measures of malnutrition, just presented "current malnutrition" as potential risk factor for CD. In Durkin (2000), OR for risk factors and serious CD were presented separately for rural and urban, because of heterogeneity of effect, or effect modification, by rural-urban residence. No OR for association between "currently malnourished" and serious CD presented for urban residence. OR for risk factors for mild CD not presented separately. disabilities were almost three times more likely to be underweight compared to controls (Pooled OR 2.97; 95% CI 2.33, 3.79), with little or no evidence of heterogeneity (I 2 = 26.2%, P = 0.254). Three studies [14, 50, 51] were included in a meta-analysis of association between disability and stunting (Figure 3) , and in a meta-analysis of the association between disability and wasting ( Figure 4) . The pooled OR for the association between childhood disability and stunting showed that children with disabilities were almost twice as likely to experience stunting than controls (Pooled OR 1.82, 95% CI 1.40, 2.36), however, statistical tests showed some evidence of heterogeneity between studies (I 2 = 59.8%, P = 0.08; Figure 3 ). Children with disabilities were nearly twice as likely to experience wasting than controls (Pooled OR 1.90, 95% CI 1.32-2.75), but there was evidence of heterogeneity (P = 0.05) with a high amount of variability between studies due to heterogeneity rather than random error (I 2 = 67.7%).
Discussion
This systematic review provides some evidence that undernutrition is associated with childhood disability in LMICs. This conclusion is supported by different individual studies showing a positive association between undernutrition and disability, and meta-analyses of individual studies that showed children with disabilities in LMIC were more likely to be stunted, wasted, and underweight, than children without disabilities. There were insufficient numbers of studies reporting on outcomes of overweight or obesity, to draw further conclusions about the association between childhood disability and overnutrition in LMIC. No previous systematic review was identified that examined the relationship between malnutrition and disability in LMIC, although other literature reviews [13, 15] have commented on the possible association between disability and malnutrition in these settings. There are different proposed mechanisms for the link between childhood disability and malnutrition, and Groce et al. [13] categorised these causal pathways as 'medical', 'educational', or 'attitudinal, cultural and social'. Decreased nutrient intake may be caused by feeding difficulties, as some disabilities such as cleft palate or CP may affect eating or swallowing [13] , an example of a 'medical' causal pathway. An example of the educational pathway is that there may be insufficient knowledge of appropriate feeding practises for these children in some LMIC [24] . There may also be neglect of this group of children [52] , or these children may be excluded from school and therefore school-based feeding programmes [14] . Both of these represent attitudinal, cultural and social mechanisms linking childhood disability and malnutrition.
Due to the designs of included studies, it was not possible to determine whether disability preceded Study Name Kuper, 2015 Tompsett, 1999 Overall (I-squared = 59.8%, P = 0.083) malnutrition, or vice-versa. Determining temporality between these two conditions is especially challenging, as there is evidence suggesting that the pathways between disability and undernutrition may be bidirectional. For example, malnutrition may affect axonal, and therefore brain development, resulting in increased risk of cognitive disability in later life [15, 44] . Conversely, children with disabilities in LMIC may be at increased risk of malnutrition through multiple pathways [15, 24] .
A strength of this systematic review was that it used a comprehensive search strategy, particularly for subjects of 'disability' and 'LMIC'. However, the search was limited to English language studies, which may have been reflected in the low number of studies from South America being included (n = 2, 12%). This study did not include studies examining the prevalence of micronutrient deficiencies in children with disabilities compared to children without disabilities. There are well-established examples of micronutrient deficiencies, including iodine deficiency, vitamin A deficiency and vitamin D deficiency, that lead to disabling conditions such as cretinism, visual impairment and rickets [36, 53, 54] . However, given that some malnutrition states such as severe acute malnutrition are associated with micronutrient deficiency, children with disabilities may be at greater risk of developing these deficiencies. These may worsen existing conditions or cause additional morbidity, and therefore it may be beneficial to synthesise and evaluate existing research in this area.
The biggest constraint on this systematic review was the current state of literature on this topic, including few studies that were eligible. This made it difficult to quantitatively summarise study characteristics and their effects on the association between childhood disability and malnutrition (Table 4) , particularly whether type of disability mediated this association, as there was also an absence of essential types of disabilities such as visual impairment in included studies. The few studies examining outcomes of overweight/obesity provided insufficient evidence regarding the relationship between disability and overnutrition, contrary to current evidence from high-income countries [17] . However, given that the prevalence of childhood obesity is rising in many LMIC [55] , this may become an important issue for health professionals and policymakers in these countries to consider in the future. The characteristics of the included studies also created problems for generalisability, as the majority of studies were from South Asia (59%), with little or no representation of other major regions. Finally, the underrepresentation of girls in studies was problematic, because disabled girls may face increased discrimination (67) making them more vulnerable to malnutrition compared to disabled boys.
There were also issues with the generally poor quality of included studies. Some studies did not clearly report Study Name Kuper, 2015 Tompsett, 1999 Overall (I-squared = 67.7%, P = 0.045) how malnutrition was defined or assessed [39, 40] , and many studies did not report whether they screened their controls for disability, and thus it was unclear whether cases and controls were clearly defined. Significantly, 41% of studies did not consider confounders in their analysis. In addition to these issues, there was variation between included studies in how they measured disability that may have affected the comparability of results, for example, three studies in the meta-analyses measured disability by clinical examination [14, 48, 56] , whereas one used UNICEF's '10 question screen' [50] . Large variation in the age range of study populations also limited comparability of results. This review did not formally assess the potential for publication bias, since many of the studies reported multiple results. However, we believe that the potential was small, since the proportion of studies reporting positive associations was, if anything, high among the studies with a low risk of bias ( Table 4) .
The findings of the review calls for the prevention and treatment of undernutrition among children with disabilities in LMICs. The implementation of these interventions could be through a "twin-track" approach which promotes the inclusion of children with disabilities in mainstream programmes as well as their targeting with specific programmes. There is a lack of robust evidence available on what works, and so best in class interventions that prevent malnutrition in children should be assessed for effectiveness for children with disabilities in LMIC [57] . For instance, Hossain et al. [35] recently showed programmes that effectively reduced stunting in LMIC most commonly implemented interventions of nutrition education and counselling, growth monitoring and promotion, immunisation, water, sanitation and hygiene, and social safety nets. These approaches will require strengthening of the public health services to be effective. On the other hand, disability-targeted programmes should consider nutrition as an essential part of their services, and workers in these programmes may require additional training in identification and management of malnutrition. However, there is a lack of research into these interventions even in high-income countries. For example a recent Cochrane review examining the effects of gastrostomy feeding versus oral feeding alone for children with cerebral palsy found no trials that met the review's inclusion criteria [58] . In high-income countries, healthcare systems often have frequent opportunities or contacts with children to identify and manage developmental problems [4] , and children with disabilities often have ongoing follow-up with secondary level healthcare providers, allowing opportunities to identify issues such as nutrition. This approach, including improved developmental and disability screening for children has been implemented by some LMIC such as Bangladesh [59] .
Conclusions
This systematic review found evidence that children with disabilities may be a vulnerable group for undernutrition in LMICs, which should be reflected in disability and nutritional programming and policy-making. Preventing and treating malnutrition among children with disabilities will require stronger and more inclusive public health systems.
